The aim of this experimental study is to reveal the design and characteristics of unipolar shoulder prosthesis type Arrow (Groupe FH®, France) as well as to evaluate the outcome of the proximal humerus fracture treated with this implant. 8 patients with a mean age of 62.5 years were operated with immediate passive rehabilitation and active exercises initiated around day 45. All patients had good results with minimal pain, a mean Constant -Murley score of 74 and an acceptable shoulder amplitude. The clinical success was assured by the anatomic union of the tuberosities around the implant. The Arrow metaphyseal corundum blasted humeral titanium stem assures a perfect osseointegration with optimal stability and is an efficient alternative for shoulder hemiarthroplasty.
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Fractures of the proximal humerus in adults account for 4-5% of all fractures [1] and are the third most frequent fracture in the elderly following fractures of the proximal femur and distal radius [2, 3] .
While most simple fractures can be treated nonsurgicaly, prosthetic hemiarthroplasty has become an accepted method of treatment for some subgroups of proximal humerus fractures, including 4-parts fractures, 3-parts fractures in elderly patients with poor bone quality, fracture-dislocation, fractures of the anatomic neck (especially in old aged people) and fractures affecting the joint surface of the humeral head (of head split type) which imply the destruction of over 50% of the humeral head [4, 5] .
Four-parts fractures of the proximal humerus are difficult lesions and represent a challenge for the orthopaedic surgeon. Due to the vascularization impairment, both orthopaedic and surgical treatment lead to unfavourable results [6] [7] [8] [9] , and the only accepted attitude in the case of elderly patients is arthroplasty [10, 11] . This type of surgery allows a good functional result for comminuted or irreparable articular fractures [12] .
In young patients motivated for a thorough post-operative rehabilitation, hemiarthroplasty is an alternative solution to osteosynthesis, especially in the case of high-energy trauma, where the risk of osteonecrosis is increased [10, 13] .
The hemiarthroplasty in proximal humeral fractures was sustained by Neer in the 1970s [6] who presented excellent results in around 90% of his patients. The next studies with this innovative technique reported results strongly related upon anatomic union of the tuberosities around the implant [14] [15] [16] . Despite the patient satisfaction after hemiarthroplasty with the pain -free shoulder, some restriction in active elevation [17] [18] [19] , prompted the proposal of reversed total arthroplasty for the treatment of 3 -or 4 -parts fractures of the proximal humerus in elderly subject [20, 21] .
Experimental part
The aim of this experimental study is to reveal the design and characteristics of unipolar shoulder prostheses type Arrow (Groupe FH®, France) as well as to analyze the outcome of the treatment of 8 patients with 3 -or 4 -parts proximal humeral fractures using this implant with an uncemented metaphyseal corundum blasted humeral titanium stem; the patients were operated at the Department of Orthopaedics and Traumatology of the Universitary Clinic Hospital Sf. Spiridon Iasi and at the Emergency County Hospital Piatra Neamt, between 2014 -2016.
Prosthetic design
The Arrow platform system [22] asures for hemiarthroplasty a stem and a humeral head ( fig. 1 ).
The titanium humeral stem ( fig 1) is corundum blasted in the metaphyseal part (allowing bone ingrowth) and a smooth diaphyseal part (that can be cemented or uncemented). The shape of the humeral stem ensures a high stability of the prosthesis due to the good press fit metaphyseal fixation and preservation of the bone stock of the humerus; The lateral fin avoids stem rotation. The lenght of the stem between 120 and 170mm prevents varus or valgus malposition.
The humeral head has an anatomic design and is made of cobalt chrome. The possibility of placing the head centered or off centered helps reproduce the anatomical medial and posterior offset of the humerus. The shape of the head covers the stem plate leaving no space between the collar and the head, thus increasing the articular surface. The head comes in 6 sizes (40,44,46,48,50 and 54) with a thickness between 12 and 18mm. both tuberosities were fixed with 2 horizontal cerclage sutures followed by 2 vertical figure -in -eight sutures (fig.  2W -X) . A final check of the stability of the repair and range of motion was realized. Wound closure was realized with aspirative drain (fig. 2Y ). Perioperative control radiographs were realized in order to confirm the position of the implants and of the tuberosities.
The patients shoulders were immobilized postoperative in an internal shoulder rotation orthesis with 30 degrees arm abduction for 30 -45 days.
Postoperative rehabilitation started after first week with pendular exercises and passive anterior flexion exercises. Active rehabilitation was started after the 6 th week while strengthening exercises only after 12 weeks. All pacients underwent clinical and radiographical examination with a mean follow-up of 14 months (range 12-20 months).
Despite numerous adapted shoulder scores [23] , clinical assessment was performed using Constant -Murley score (which includes pain, mobility , activity and strength) [24] and active joint amplitudes in the operated shoulder. Radiological evaluation was conducted with special attention to the position of corundum blasted titanium stem (with osseointegration), as well as to the healing and position of the tuberosities. trial humeral head is used in order to cover the bone as much as possible; (E -F) -The definitive cobalt chrome humeral head is impacted onto the humeral stem. Adapted image from [22] The study consisted of a retrospective analyses of 8 female patients with complex proximal humeral fractures (6 with 4 parts and 2 with 3 parts), with an average age of 62.5 years (range 56-76). The mean interval between the accident and the surgery was 14 days (range 5 -28 days).
Surgical technique
All the patients were operated with general anesthesia, in a beach chair position and upper limb free, through a deltopectoral access, without or with minimal desinsertion of the deltoid (fig. 2E ). The deltoid and cephalic vein were retracted laterally and pectoral medially while not damaging the coracoacromial ligament. The axillary and the musculocutaneus nerves were protected. The bicipital groove was a critical landmark while the fracture line between the greater and lesser tuberosity is located posterior to the groove. In cases with 3 -parts fractures, the lesser tuberosity was osteotomized for creating a 4 -parts fracture. After the sectioning of the tendon of the long head of the biceps (routinely tenodesis of the humeral insertion of the pectoralis major muscle), the humeral head is removed and the tuberosities are tagged with heavy sutures ( fig. 2G -I, fig 3E -F) Next, the humeral channel is exposed and prepared with a sequential reaming until there was a sensation of reaming into the cortex ( fig. 2J ). Then the metaphysis is progressively prepared using increasing size of trial rasps; The retroversion of 20-30 degree of humeral component was realized using anatomical landmarks and by aligning the retroversion shaft attached to the metaphyseal rasp handle and the forearm ( fig. 2K -L, fig. 3G -H) . After introduction of the last rasp and trial humeral head, reduction was realized verifying height and the stability of the prosthesis ( fig. 2M -O, fig. 3I -J) ; Temporary reduction of the tuberosity below the head of the modular prosthesis was realized with towel clips for verifying the position and acceptable adjustment to the stem collar ( fig. 2P, fig. 3K ). At the end we replaced the trial rasp with the definitive corundum blasted titanium humeral stem and the definitive centered or off-centered humeral head was impacted onto the stem ( fig. 2R -U, fig. 3L ). The final reduction of the prosthesis was realized ( fig. 2V ) and Results and discussions While all our patients had minimal pain with improving everyday comfort, the mean Constant -Murley score was 74, (limits 34-92) (table 1). In evaluating the active range of motion at the final follow-up we found the following means : abduction 98° (limits 40 -140); anterior elevation 112° (limits 60-150); external rotation with the elbow at the side 26° (limits 0-30) and internal rotation at 90 degrees abduction 51° (limits 0-60).
incomplete solving of the anatomical and surgical issues: damage in the circumflex nerve, early or secondary migration of the tuberosities as a consequence of a deficient reinsertion [5, 27, 29] . Despite the increase using of reverse shoulder arthroplasty [29] or introducing new type of shoulder prosthesis [32, 33] , displaced 3 -parts or 4 -parts proximal humeral fractures are best treated with hemiarthoplasty (especially in elderly). The crucial aspect is to understand the key concepts of well -performing this demanding operation.
Conclusions
Hemiarthroplasty for 3 or 4 parts proximal humerus fracture provides good results, a high subjective satisfaction rate with absence of pain and improving the patients everyday comfort. The challenge in this difficult surgery is correctly establishing the height and retroversion of the stem as well as the strong suture of the tuberosities which allow anatomic union around the implant. The uncemented metaphyseal corundum blasted titanium stem type Arrow assures a perfect osseointegration with optimal stability of the prosthesis. From the radiographical evaluation we found abnormal tuberosity positioning and healing problems in 2 patients. Tuberosity healing was good in the other 6 patients while we found 3 cases with periprosthetic ectopic ossifications.
The osseointegration of the uncemented metaphyseal corundum blasted humeral titanium stem was optimal [25] , with no partial or complete radiolucency around the humeral component. Two patients had significant limitations of movement that were treated conservatively with long-term rehabilitation. There were no infections or implant instability.
In case of 4-parts fractures of the proximal humerus, the results are influenced by many factors: age of the patient, quality of bone [26] , the moment when the surgical intervention took place, deficiencies in the surgical technique, post-surgical complications, post-surgical rehabilitation [5, 27, 28] . A favorable and functional prognosis can be anticipated for a younger patient without pre-surgical neurological deficit or post-surgical complications and with a satisfactory aspect of the shoulder after 6 weeks. The results are weaker in the larger group of old-aged patients (often poorly motivated and suffering from other associated conditions), especially in those who show neurological deficit, a post-surgical complication which requires reintervention or an excentrically-placed prosthesis with retracted tuberosities [5, 27, 29] . As for the time of the surgical intervention, it has been noted that early prosthetic (less than 4 weeks after the trauma) leads to a better prognostic in terms of functionality [28, 30] . As the lesion grows older, the recovery of function and mobility rate of the prosthetic shoulder become weaker [31] . Furthermore, the results can be influenced by the
